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(54) Tlnie synchronisation between centrai and remote units 

(57) To provide an accurate time synchronisation between a real time clock (32) in a control unit (30) and an 
independent dock (52) in a remote unit fSO), the control unit (30) establishes an event (42) common between 
Hseif and the remote unit (50) eg. by transmitting a synchronising sequence of code bits. The control unit (30) 
records a time at which the common event (42) occurs and communteates this time to the remote unit (50). 
The remote unit (50) synchronises its independent clock (52) to a current time of the real time clock by 
up-dating, at another instant in time, its independent dock (52) in response to the recorded time and a duration 
that has elapsed between the common event and the other instant Applications include time synchronisation 
in SCADA systems, used eg. in a national electncal power grid. 




At least one drawing originally filed was informal and the print reproduced here is taken from a later filed fonnal copy. 
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A SYSTEM FOR TIME SYNCHRONISATION 

Bacl^TOimd to the Invention 

5 This invention relates, in general, to a system for time 

synchronisation of a number of remote units to one another, and is 
particularly, but not ^dusively, applicable to the time synchronisation of 
si^>ervisory control and data acquisition (SCADA) systems. 

10 Sunmayy of thg Prioy Art 

In systems having a hierarchical architecture, such as supervisory 
control and data acquisition (SCADA) systems, there is a requiremient to 
synchronise real time docks, located at distinct and remote sites and 

15 distributed throughout each cascading level of the hierarchical system, in 
order to accuratdy time tag events ttiat occur within tiiie entire system. 

For the control of irrigation system and, more particularly, electrical 
utilities, sudi as a national electrical power grid, for example, tiiere are many 
applications in which a user requires an absolute time synchronisation 

20 between distinct and remotdy located sites. One sudi application is the 
accurate time tagging of the occurrence of events at a single site, such as a 
transformer station or a generating station, and the relationship of these 
events to otiier evaits occurring at different sites within tite system. A time 
tagging regime is particularly suited to tiie traddng and identification of a 

25 fault wititin an electrical network. 

Present time tagging technology adiieves synchronisation between 
remote sites by broadcasting a radio signal from a central control unit of tiie 
hierarducal system to each remote site located lha-dn. Unfortunately such 
synchronisation techniques provides a time resolution which is insuffident 

30 to ascertain in what chronological order the events have occurred witiiin the 
system, how the events have spread and subsequenfly condude what caused 
the events. In ordar to obtain tiie desirable benefit of fault identification, for 
example, by time tagging in a cascading or multi-layer system, a typically time 
synchronisation of between 5 and 15 milliseconds, and sometunes less than 5 

35 milliseconds, is required. Basically, a central control unit in an upper layer of 
the hierarchical system provides synchronisation to remote terminal units 
in lower layers of tiie system by synchronising their dodcs against its own 
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real time dock. More specifically, a synchronising message is broadcast from 
the central control imit, in an upper tier of the hierarchical system, to remote 
terminal units, in a lower tier, to synchronise time docks located in each of 
the remote tenninal units. However, there is a problem with this current 
5 methodology in as much as the total tune for the pi^paraticni of a packet of 
synchronising data, its transmission, its reception (at any z^ote site) and its 
eventual decoding at flie remote terminal imit is non-constant for the 
hierardiical system. At present, errors generated by Ais non-constant tune 
are minimised by taking an average tune for the preparation of 
10 synchronising data, its transmission, reception and its subsequent decoding. 

With regard to the alternative methodology, it has been proposed to 
use a global positioning by satellite (GPS) system to provide an accurate time 
stamp betwem each of fteremotdy located sites. Ho wever, in order to 
inclement such a GPS system, eadi remote site requues its own GPS 
15 receiver, which adds con^derably to the cost of the overall system. 

Qearly, tiiere is a requirement in the art to provide a time 
syndtfonisation methodology fliat eliminates the aforementioned errors. 

Summary of the Invention 

20 

fil acoordanoe wifli a first aspect of the invention there is provided a 
system for time synduoidsation, comprising: a control unit havmg: means 
for generating a syndironisation sequence; broadcastuig means for 
broadcasting the synchronisaticm sequmce to at least one remote unit 

25 responave to tihie control unit; a real time dodc against whidi said at least 
one ranote unit is periodically synduonised; recording means for recording, 
from tile real-time dock, a recorded tune at whidi an event in tfie 
synduonisation sequence occurs; and means for incorporating flie recorded 
time into the synchronisation sequence; and at least one remote unit, 

30 conqmsing: a time dodc; a recover for receiving the synchronisation 
sequence substantially simultaneously with tiie broadcasting of flie 
synchronisation sequence; means, coupled to tfie recdver and responsive to 
tiie synchronisation sequence, for obtaining, from ttie synchronisation 
sequence, ttie recorded time; and synduonisation means for syndironising, 

35 in response to tiie synchronisation sequence, flie time dock to a current time 
of tiie real time dock; wherein ttie syndu'onisation sequence identifies an 
instant in time tiiat is common between tiie at least one remote unit and the 
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control unit, and associates Hxe recorded time therewith; the system furttter 
comprising: timing means for timing a duration of time between the 
common instant in time and another instant in time; wherein the 
synchronisation means in the remote imit synchronises Ae time dock to the 
5 current time of the real time clock in response to the recorded time and the 
diuation of time determined by the timing means, thereby establishing 
calibration and synchronisation of the time dock in the at least one remote 
unit with the real time dock in the control tmit 

In a preferred embodiment, the system is a supervisory control and 
10 data acquisition syston that requires synduronisation at regular intervals, 
t3rpically every 10 and 15 minutes. 

The synchronisation means may instantaneously up-date the time 
dock upon obtaining ttie recorded time The timing means may be located 
in the remote unit 

15 In the preferred embodiment, the common event may be the ceasing 

of a broadcast of the synchronisation sequence. 

In anottier aspect of die invention, Aere is provided a control unit for 
controlling time synchronisation m a hierarducal system, comprising! 
means for genaating a syndironisation sequence having a first portion and a 

2 0 second portion; broadcasting means for broadcasting, to at least one remote 
imit responsive to the control imit, the first portion prior to the second 
portion; a real time dock against which said at least one remote unit is 
periodically synduonised; recording means for recording, from die real-time 
dock, a recorded time of an event in the first portion; and means for 

25 incorporating Ae recorded time mto the second portion; wherein die event 
is arranged to be common between the control unit and the at least one 
remote unit; dierd)y establishing a reference point in time upon which 
syndux>nisatk>n of said at least one remote imit can be based 

In a further aspect of tiie invention, there is provided a remote unit in 

30 a hierarchical system, comprising: a time dock; a receiver for receiving a 
synchronisation sequence broadcast from a control unit of the hierarchical 
system; means, coupled to ttie receiver and responsive to the 
synchronisation sequaice, for obtaining a time of an occurrence of an event, 
encoded in the synchronisation sequence, common in occurrence to botfi tfie 

35 remote unit and the control unit; timing means for timing a duration of 
time between the occurrence of the event and an instant in time subsequent 
to obtaining tihe time of that occurrence; and syndironisation means for 



CM00359S 

4 

synchronising, in response to the time of an occurrence of an event and flie 
timed duration, flie time dock to a current time at tiie control unit 

An exemplary embodiment will now be described with reference to 
the accompanying drawings. 

5 

Pricf Pgggjptioft of fte Pyaw^gs 

Fig. 1 illustrates a ^ical hierarchical systmi requiring time 
synchronisation between each of its layers. 
10 Fig. 2 illustrates a system for time syndtronisation in accordance with 

a preferred embodiment of tiiie present inventioru 

Fig. 3 shows a meAodology for syndux>nisation for Ae multi-layer 
system of Fig. 2. 

15 Detailed DesaipHim of a Preferred Embodiment 

With reference to Fig. 1 ftere is shown a typical prior art hierarchical, 
multi-layer system. A central controller 10 oonununicates synduonisation 
information 12 - 16 to a number of remote terminal units 18 • 22, 

20 respectively. The central control unit 10 may corrmiunicate fliis 

synchronisation information over a wireline link, a microwave link or 
through Ae propagation of radio signals. The syndtronisation information 
12-16 contains an indication of a tune, taken feom a real time dod: located in 
ttie central control unit 10, against wliich time dodcs located in eadi of tfie 

25 remote temunal units 18 - 22 are eventually synduonised. 

Rg. 2 illustrates a multi-layer system constructed in accordance with a 
preferred embodiment of the present inventioru In die representation, there 
is shown a central control urtit 30 OMnprising a real time dodc 32, a 
rrucrocontrolla: 34, a transinitter 36 arid an encoder 38. The real time dock 

30 32 provides an accurate time signal, to the microcontrolla: 34, tiiat is 

ultimately used for the syndironisation of lower tier remote terminal units. 
The microcontroller 34, which is responsible of the control and operation of 
flie central control unit 30 in general, is coupled direcfly to the transmitter 36 
for the control thereof. The transmitter 36 is coupled to an antenna 40, from 

35 which there is transmitted synchronisation information 42. The 

microcontroller 34 is furtiier coupled to the transmitter 36 through the 
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encoder 38. The encoder 38 is used to encode the synchronisation 
information 42 prior to the transmission thereof. 

Remote terminal tmits 50 and 51 are responsive to synchronisation 
information 42 transmitted from the central control unit 30. In Fig. 1, 
5 remote terminal imit 50 is shown in detail, but it will be appreciated that 
remote unit 51 is of similar construction. Furthermore, the remote units 
may be in identical hierardiical levels or in different levels of the 
hierarchical syst^n. The remote tmit 50 comprises a time dock 52, a 
miaocontroller 54, a receiver 56, and a decoder 58. The time dock 52 is 
10 coupled to the microcontroller 54 and both provides a time signal 60 thereto 
and receives a synchronisation signal (or reset signal) 62 therefrom. The 
microcontroUa- controls the operation of the remote terminal unit 50. The 
receiver 56 is operational in response to the microcontroller 54. 
Furthermore, the receiver 56 is coupled through the decoder 58 to the 
15 microcontroller 54. A timer circuit 64 is coupled to the microcontroller 54 
and provides a timing fedlity for the remote terminal unit 50. The antenna 
68 is coupled to the receiver 56, wherry synchronisation signals 42, received 
from the central control unit, are eventually communicated, via the decoder 
58, to the microcontroller 54. Optionally, a transmitter 66 may be responsive 
20 to the miaocontroller 54. In a such a case, the transmitter 66 will be coupled 
to an antenna 68 of the remote terminal unit 50 through an antenna switch 
70, which will select either tiie receiver 56 or ttie transnutter 66. 

Synchronisation of a time dodc 52 of a remote terminal imit 50 with 
dte real time dock located in the central control unit 30 is accomplished 
25 using flie foOowing mettiodology, as exemplified by Fig. 3. The 

microcontroller 34 of the central control imit 30 generates a predetermined 
sequence of code 80 which is encoded into a format suitable for transmission 
as a synchronisation signal 42, and thm broadcast (transmitted) by tihe central 
control unit 30. The predetermined sequence of code 80 is used to indicate 
30 that a time synchronisation sequence for the remote terminal unit 50 is 
alx>ut to commence. The predetermined sequence of code 80 may be of 
relatively short duration di, although this need not be the case. As will be 
understood, the remote terminal unit 50 may continually monitor the 
oommimications link between the central control unit 30 and the remote 
35 terminal unit 50 in order to ascertain whether this predetermined sequence 
of code 80 has been transmitted. After having received tiie synchronisation 
signal 42 transmitted (or broadcast) from the central controller 30, the 
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microcontroller 54 of the remote terminal imit 50 identifies this 
predetermined sequence of code 80 by decoding the encoded portion through 
the decoder 58. 

In the prefCT-ed embodiment, at an instant in time when die 
5 transmission (or broadcast of the predetermined sequoice of code 80 

terminates ti, the miaooontroller 34 of ttie central unit 30 records, from flie 
real time dock 32, ttie exact time at whidi transmission ceased. As will be 
appreciated, since die propagation of electromagnetic waves throug|i air is at 
tiie speed of light, the transmission from die central control unit 30 ceases at 

10 virtually the exact same time as reoeption of the predetamined portion of 
code 80 ceases at the remote terminal unit 50. To this extent, the events of 
ceasing transmission of the predetermined sequence of code 80 at the central 
control unit 30 and the ceasing of reoeption of die predetermined Sequence of 
code 80 at the raxiote terminal unit 50, constitute a common event in time at 

15 both tmits. Ttie time ti at which the transmission from the central control 
unit 30 ceases, is recorded by the microcontroller 34, subsequentiy encoded by 
encoder 38 and then transmitted, in a suitable format, from the central unit 
30. The duration of this second portion of transmission may be substantially 
longer than the predetermined sequence of code 80, whereby d2 > di. 

20 At tfie ranote tenninal unit 50, the ceasing of reception of the first 

predetermined sequence of code 80 causes the microcontroller to initiate the 
tuner 64, wMdi begins incrementing a real time count At some subsequent 
time, the second portion 82 transmitted from ttie central control unit 30 is 
recrived by the remote tmniiialuiut 50 and is decoded 84 in decode 58. The 

25 miaocontroller 54 derives the encoded time ti from the second portion 82 
and subsequentiy uses fliis time to synchronise its own time dodc 52 flirou^ 
reset line 62. At any point in time after tiie encoded time, representing flie 
common event, has been retrieved from the transmitted synchronisation 
signal 42, ttie microcontroller 54 of ttie remote terminal unit 50 can 

30 terminate the count performed by counter 64, obtain an absolute elapsed 

time between when the common event occurred and flie point in time when 
ttie count was terminated, and ttien simultaneously up dates its own time 
dock 52, using ttie reset line 62. More specifically, ttie time of the dock 52 is 
synchronised to the elapsed time (t2-ti) plus the encoded time (ti) that 

35 identifies the time of the common event Therefore, ttie two time docks 32 
and 52 of the central control unit 30 and the remote terminal unit 50, 
respectively, are synchronised. 
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Provided fliat tfie timer 64 used to measure AT, i.e. t2-ti, is accurate, 
there is no need to instantaneously up-date the time dock 52 of tiKe remote 
terminal imit 50. Ftirthermore, since the real time dock 32 in the central 
control imit 30 and the time dock 52 in the remote terminal imit are 
5 inaccurate, there is a need to provide periodic synchronisation, typically 
every 10 - 15 minutes. 

In summary, a central control unit establishes a common event 
between itself and at least one remote unit The event is common because 
notification of the event is communicated between Hxe control tmit and the 
10 remote unit at virtually flie speed of light, i.e in a terrestrial environment, 
radio reception of a signal will cease at virtually the same time as radio 
transmission of that signal ceases. Upoil receiving the common event, a 
timer in the remote device begins to inaement a real time count * A 
refermce time at which ttie common event occurred at tiie control unit is 
15 recorded and subsequently commimicated to at least one remote device 
Upon decoding ttie reference time at tiie remote unit and stoppmg tfie 
counter, the time of the local dock in the remote unit is simultaneously 
altered to reflect the reference time plus ttie real time count, ie. ti + fe-ti), 
fliereby synchronising the dock in the remote unit to the time of the real 
20 time dock in the control unit 

It can be appredated that the implementation of an invention so 
designed and described produces the novd advantages of an inexpensive and 
accurate time synchronisation methodology. 

It will be understood that the above description has been given by way 
25 of example only and that modifications in detail, such as the use of a 
continuous synchronisation signal, may be made wittiin tfie scope of the 
inventioiL More particularly, a riang edge of a synchronisation signal may 
be used to establish a common event, with ttie time thereof being induded 
in a subsequent time-slot of the transmissioa SpediScally, flie timer of each 
30 remote terminal unit may be initiated at a rising edge of a transmission (m 
its case the rising edge of reception). The common event between ttie control 
unit and each remote unit would ttierefore be regarded as this rising 
transition. The time of this rising transition would then be mcoded within 
the synchronisation information broadcast from ttie control imit Then, at 
35 any instant after ttie recorded time of ttie common event had been decoded 
(by the remote unit), the count of file timer would be terminated. The dock 
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in the remote terminal unit would be up-dated accordingly, whereby 
synchronisation would be achieved. 

It will further be appreciated that once a common reference point 
(common event) has been established between the remote terminal units 
5 and tiie control uidt, Aen the dock in each remote unit can be synchronised 
at any preceding instant in time provided that the reference point and the 
time elapsed since that reference point are accurately known. Fbr ecample, 
there is nottiing that restricts synduonisation from occuning at either the 
instantaneous moment that the time of the reference point is determined; at 
10 a time when the timer has initially been stopped; or at a time subsequent to 
stopping the count of the timer provided that any duration that exceeds the 
count is eiflier accurately* timed or predetermined, e.g. in terms of software ^ 
delay loops. 

It will further be appreciated that timer 64 need not be located in the 

15 remote unit, but may be alternatively contained in £he control unit In this 
case, a single syndironisatiQn sequaice would be requured More specifically, 
a timer in the central control unit would begin to count as soon as die central 
imit begins transmitting (broadcasting). Synchronisation information 
transmitted from the central control unit would contain a recorded time for 

20 the commenc^Q:it of this transmission. However, the transmission of ttie 
s]mchronisation information would need to be of a period that was 
suffidendy long to ensure that any propagation or processing delays had 
been accounted for. Then, at flie tennination of the transmission, 
representing Oie common event, tiie dock in (tie remote tmninal unit 

25 would be instantaneously up-dated to a summation of ttte recorded time, Le. 
the rising edge of reception, plus an amount of time repres^ting a 
predetermined duration for tiie transmission of tfie synchronisation 
information. This predetermined duration would need to be known by Ae 
remote terminal unit eitiiier prior to transmission, e.g. by pre-loading the 

30 miaocontroUer with tiiis duration, or could be further encoded into the 
syndux>nisation information. The timer in the central control unit would 
time this predetermined duration and, at the end theieof, would 
immediately tmninate transmission from die central control unit, diereby 
establishing syndironisatioiL 

35 Qearly, in all cases, die remote terminal uiut is aware of the time of . 

occurrence of the common event (as measured at the control unit) and the 
time at which the up-date (synchronisation) of its dock occurs; die latter 
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information being provided by either an internal timer, a pre-loaded value 
for an elapsed time between the common event and the up-date, or by 
information communicated from the control unit and related to the 
aforementioned elapsed time. 
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1. A system for time synchronisafion, comprising: 

a) a cx)ntrol imit having: 

5 i) means for generating a synchronisation sequence; 

ii) broadcasting means for broadcasting the synchronisation 
sequence to at least one remote unit responsive to Ae control unit; 

iii) a real time dock against which said at least one remote unit 
is periodically synchronised; 

10 iv) recording means for recording, from the real-time dock, a 

recorded time at which an evoit in the synchronisation sequence occurs; and 

v) meaiis for incorporating the recorded time into the 
syndironisation sequence; and 

b) at least one remote imit, comprising: 
15 i) a time dock; 

ii) a receiver for receiving flie synchronisation sequence 
substantially simultaneously with tiie broadcasting of the syndironisation 
sequence; 

iii) means, coupled to ttie receiver and responsive to flie 

20 synchronisation sequence, for obtaining, from the synchronisation sequence, 
ttie recorded time; and 

iv) synchronisation means for synduronising, in response to the 
syndironisation sequmc^ the time dock to a current time of the real tune 
dodc; 

25 \dierein tiie synchronisation sequence identifies an instant in time 

that is common between the at least one remote unit and the control unit, 
and associates tfie recorded time therewith; 
tiie system further comprising: 

timing means for timing a duration of time between the 
30 common instant in time and another instant in time; 

wherdn ttie syndironisation means in the remote unit synchronises 
the time dock to tiie current time of the real time dock m response to the 
recorded time and flie duration of time determined by tiie timing means, 
thereby establishmg calibration and synchronisation of the time dock in flie 
35 at least one remote unit wifli the real time dock in ttie control imit 
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2. A system for time synchronisation as claimed in claim 1, wherein the 
synchronisation means instantaneously up-dates the time clock upon 
obtaining the recorded time. 

3. A system for time synchronisation as claimed in daim 1 or 2, wherein 
the common event is the ceasing of a broadcast. 

4. A system for time synchronisation as daimed in daim 1, 2 or 3, 
wherein synduronisation is repeated at regular intervals. 

5. A system for time synchronisation as daimed in daim 4, wherein the 
regular interval is between 10 and 15 minutes- 

7. A system for time synchronisation as daimed in any preceding daim, 
wherein the system is a supervisory control and data acquisition system. 

8. A system for time synchronisation as daimed in any preceding daim, 
wherein the timing means is located in the remote tmit and flie remote unit 
is pre-loaded with the duration. 

9. A control unit for controlling time synchronisation in a hierarchical 
system, comprising: 

a) means for ^neiating a synchronisation sequence having a first 
portion and a second portion; 

b) broadcasting means for broadcasting, to at least one remote unit 
responsive to tfie control unit, the first portion prior to ttie second portion; 

c) a real time dock against whidi said at least one remote unit is 
periodically synchronised; 

d) recording means for recording, bom the real-time dock, a recorded 
time of an event in ttie first portion; and 

e) means for incorporating the recorded time into the second portion; 
wherem tiie event is arranged to be common between ttie control unit 

and file at least one remote unit, ttiereby establishing a reference point in 
time upon which synchronisation of said at least one remote unit can be 
based. 
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10. A remote unit in a hierarchical system, comprising: 

a) a time dock; 

b) a receiver for receiving a synchronisation sequence broadcast from a 
control unit of the hierarchical system; 

c) means, coupled to the receiver and responsive to the 
synchronisation sequence, for obtaining a time of an occunnnce of an event, 
aicoded in the syndm)nisation sequence, common in occurrence to both flie 
remote unit and the control unit; 

d) timing means for timing a duration of time between flie occurraice 
of tfie event and an instant in time subsequent to obtaining the time of that 
occurrence; and 

e) synchronisation means for synchronising, in response to the time of 
an occurraice of an evait and the timed duration, the time dock fo a current 
time at Ae control unit 

11. A system for time ^duonisation substantially as described herein 
with reference to Kgs. 2 & 3 of ttte accompanying drawings. 

IZ A control imit for controlling time synchronisation in a hierarchical 

system substantiafly as described haein witti reference to Figs. 2 & 3 of ^ 
accompanying drawings. 

13- AroMteurdtinahiaiarddcalsyslOTsubstm 

heran wifli referm» to Hgs. 2 & 3 of the accompanying drawings. 
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